Objective: The present study aimed at investigating the influence of food availability, rules and television viewing habits on eating behaviours in adolescents. Design: Cross-sectional study. Setting: Four randomly selected middle schools. Subjects: A sample of 534 seventh and eighth graders. Interventions: Validated questionnaires were used to measure the family environment and fat, soft drink and fruit consumption. Hierarchical regression analyses on fat, soft drink and fruit consumption, with demographic and psychosocial variables entered as the first and environmental factors as the second block were conducted in boys and girls. Results: Boys with more unhealthy products available at home consumed more fat (Pp0.001, 95% CI: 8.2-29.4) and more soft drinks (Pp0.01, 95% CI: 0.2-1.4). Boys who reported better television viewing habits ate more fruit (Pp0.001, 95% CI: À1.7 to À0.5). Girls who reported better television viewing habits consumed less fat (Pp0.01, 95% CI: 1.4-9.0) and more fruit (Pp0.05, 95% CI: À1.0 to À0.1). Girls who reported higher availability of healthy products at home (Pp0.05, 95% CI: 0.3-3.1) and more food rules (Pp0.001, 95% CI: À1.8 to À0.5), consumed more fruit. Environmental factors were poor predictors of soft drink consumption among girls. Conclusion: Availability of (un)healthy food products, family food rules and TV viewing habits were related to one or more eating behaviours in boys or girls. Although home environmental factors can play an important role in influencing adolescents' eating behaviours, these factors were generally less predictive than demographic and psychosocial variables.
Introduction
In the past years dietary behaviours have moved in an unhealthy direction in US youth (Story et al., 2002; Lytle and Kubik, 2003) . Also in Europe children and adolescents have poor dietary habits (Cruz, 2000; Currie et al., 2004; Lambert et al., 2004) . The transition from childhood into adolescence often results in diets becoming less healthy (Lytle, 2000) . Previous research in European adolescents revealed that saturated fat intake is far above recommendations, fruit intake is less than desirable and soft drink consumption is too high (Currie et al., 2004) . An unhealthy diet during adolescence can negatively affect growth and development (CDC, 1997) and is likely to persist into adulthood (Kelder et al., 1994; Lien et al., 2001) . Moreover, high-energy and fat intake, low fruit intake and excessive soft-drink consumption have been associated with a higher risk for becoming overweight and obese and for diabetes, hypertension, cancer and cardiovascular diseases (Willet, 1994; Centers of Disease Control Prevention, 1997; Reilly and Dorosty, 1999; Van Duyn and Pivonka, 2000; Ludwig et al., 2001; Lytle and Kubik, 2003; Matthys et al., 2003) . Hence, there is an urgent need for effective interventions aimed at improving dietary behaviours in adolescents. However, to design effective interventions it is necessary to understand factors that influence adolescents' eating behaviours.
Different health behavioural theories such as the social cognitive theory (Bandura, 1986) and the Theory of Planned behaviour (Ajzen, 1985) have underlined the importance of personal factors in explaining people's behaviours. Such demographic and psychosocial correlates of adolescents' eating behaviours have been studied previously (Trudeau et al., 1998; De Bourdeaudhuij and Van Oost, 2000; MongeRojas et al., 2002) . More recent theories, such as the social ecological theory, state that the environment plays an important role in shaping healthy behaviours, as it can control or limit the behaviours that occur within it (Green and Kreuter, 1991) . As a consequence, more attention is paid recently to the influence of the environment on healthy behaviours such as healthy eating (French et al., 2001) . The home environment is part of the broader environment in which adolescents live. Hence, studies focusing on eating patterns of adolescents in the context of the family are emerging (Jenkins and Horner, 2005) . Most previously conducted studies investigating determinants of eating behaviours in adolescents looked at household socioeconomic factors such as household income and parental education (Brug and Van Lenthe, 2005) . Other environmental correlates like home availability of fruits, (Young et al., 2004; Hanson et al., 2005; Befort et al., 2006) , accessibility of fruits (Bere and Klepp, 2004) , parental support, parental intake (Young et al., 2004) , frequency of meals together with the family (Gillman et al., 2000; Videon and Manning, 2003) and 'parental style dimensions' defined by involvement and strictness (authoritative, authoritarian, neglectful and indulgent) (Kremers et al., 2003) were extensively investigated for fruit intake (Taylor et al., 2005) . Studies investigating environmental correlates of fat intake are less common. Most frequently reported correlates of fat intake are the amount of family dinners (Gillman et al., 2000) , the number of meals (Cullen et al., 2004) , the frequency of eating in fastfood restaurants (French et al., 2001; Befort et al., 2006) and eating while watching television (Befort et al., 2006) . Furthermore, there is a lack of studies investigating correlates of soft drink consumption. In addition, few studies have investigated the same environmental correlates for different dietary behaviours (Brug and Van Lenthe, 2005) . Studies investigating adolescents' environmental correlates of dietary behaviour were most often conducted in the US, whereas there is a lack of studies investigating environmental correlates of adolescents' dietary behaviours in European countries.
Although the social ecological theory (Green and Kreuter, 1991) presents the environment as the central construct, the interaction between personal and environmental factors is well recognized (Sallis and Owen, 2002) . Hence, the main purpose of the present study was to investigate the variance in fat intake, soft drink consumption and fruit intake explained by household availability of healthy and unhealthy food products, household food rules and television viewing habits, above and beyond the effects of demographic and psychosocial correlates in a sample of Flemish boys and girls. A second purpose was to study the reliability and validity of an age-specific questionnaire developed to measure the food-related physical environment in Flemish adolescents.
Methods

Participants
Participants for the present study were recruited from four middle schools in West-Flanders (Belgium). The parents of all pupils in seventh and eighth grade (n ¼ 667) received an informed consent in which authorization was enquired for their child to complete measurements. The parents of 634 (95%) children gave permission for their child to participate in this study. Of those children 534 completed all questionnaires; data of 100 children were missing owing to absence on day of measurements or owing to questionnaires filled out inaccurately, yielding in a final response rate of 84%. Table 1 presents the baseline demographic and psychosocial characteristics and eating behaviours of the sample. The Study protocol was approved by the Ethical Committee of the Ghent University.
Measures
Field work took place in June 2004.
Questionnaire assessing home environment related to eating behaviours. To measure potential environmental correlates of eating behaviours in adolescents, a new questionnaire was developed based on the results found in previous studies (Bere and Klepp, 2004; Young et al., 2004; Hanson et al., 2005; Taylor et al., 2005; Befort et al., 2006) . Environmental factors included were availability of healthy and unhealthy products, family food rules and television viewing habits. The scale composition, scale items and response categories are represented in Table 2 .
The questionnaire was completed by all pupils during classes, under the supervision of a teacher. The first part of the questionnaire dealt with availability of healthy and unhealthy food products in the home environment. A second part of the questionnaire asked for food rules according to unhealthy food products. Both availability of food products and food rules were rated on a four-point scale from never to always. The number of hours exposed to commercial television was measured by asking for the number of hours pupils watch commercial television channels during a regular school day. The same question was repeated for the weekend days. An additional question asked for the frequency of eating while watching television, again a four-point scale from never to always was used (see Table 2 ).
Reliability and relative validity testing of the home environment questionnaire. A separate study was executed to assess the reliability and relative validity of the environmental questionnaire for adolescents. Reliability and relative validity results are presented in Table 2 . Twenty-seven pupils randomly selected out of all seventh graders from 10 different schools participated in the survey. Test-retest reliability was analysed by subjects completing the questionnaires twice within a 2-week interval. Single-measure intraclass correlation coefficients (ICCs) were used as a measure of reliability. All test-retest reliability intraclass correlation (ICC) coefficients were significant and ranged between 0.78 and 0.89, indicating very good reliability.
To test relative validity, all parents of the participating pupils were contacted by telephone to verbally answer the same questionnaire as their child. Data from pupils' questionnaires were then correlated (Spearman's ratio) to data derived from telephone interviews with the parents. Validity coefficients significantly ranged between 0.53 and 0.72, indicating acceptable validity of the instrument.
Food frequency questionnaires. Fat intake was measured with a self-administered questionnaire developed at the Ghent University together with the Flemish Institute for Public Health (Vandelanotte et al., 2004) . The questionnaire was validated in a separate study and was found to be sufficiently reliable and valid as compared to a 7-day dietary record method (Vandelanotte et al., 2004) . The questionnaire consisted of 48 items, representing all important sources of fat in the Belgian diet. Pupils were asked how often they consumed these products during a usual day, week or month. A coefficient was calculated, representing the fat content and portion size of each product. This coefficient was multiplied by the frequency of consumption, leading to Table 2 Summary of environmental scales, items and response categories. Single-measure intraclass correlations as a measure of reliability and spearman correlations (Spearman r) as a measure of validity
Availability of healthy food products at home Determinants of eating behaviours in adolescents L Haerens et al a fat intake score for each food item. A validated food frequency questionnaire (Vereecken and Maes, 2003) , adapted from the questionnaire used in the HBSC (Health Behaviour in School-aged Children) study, was used to assess fruit intake. The question for fruit intake was: 'How many pieces of fresh fruit do you usually eat?' A separate food frequency questionnaire was used to assess soft drink and water consumption. The questions asked for soft drink and water consumption were: 'How many glasses of soft drinks do you drink during a regular school day' and 'How many glasses of soft drink do you drink during a regular weekend day?'
Demographics and psychosocial determinants. Each of the food frequency questions ended with a three-page long survey asking for psychosocial determinants of healthy eating behaviours. On the basis of social cognitive theory (Bandura, 1986 ) and the theory of planned behaviour (Ajzen, 1985) and previous research in adolescents (De Bourdeaudhuij, 2000) , the following groups of determinants were included in the study: attitude (four items), self-efficacy (two items), social support (four items), perceived benefits (six items) and perceived barriers (12 items). Attitudes towards the three different eating behaviours (a low fat diet, eating more fruit and drinking less soft drinks) were rated on a five-point scale from 'certainly not pleasant' (good/tasty/healthy) 'to certainly pleasant' (good/tasty/ healthy). Cronbach a-values ranged between 0.80 and 0.87. To measure self-efficacy, pupils were asked to rate on a fivepoint scale how difficult it was to comply with the guidelines for each of the eating behaviours at home or at school. For these two items, Cronbach a-values ranged between 0.38 and 0.46. To measure social support, pupils were asked to rate on a five-point scale how frequently significant others (parents, brothers and sisters, friends, teachers) supported the healthy eating behaviours. Cronbach a-values ranged between 0.70 and 0. 75. For perceived benefits (e.g. health, taste and losing weight) and barriers (e.g. lack of time, not available, not accessible and expensive) a five-point scale from totally disagree to totally agree was used. Cronbach a-values ranged between 0.76 and 0.85 for perceived benefits and between 0.84 and 0.87 for perceived barriers.
Demographic factors like birth date, gender, occupation of father and mother and number of computers at home, were assessed using a separate self-administered questionnaire. An estimate of the social economical status of the family was obtained by classifying occupation of the father and mother into white and blue collar (Hollingshead, 1957) .
All questionnaires were filled out at school, during class hours under direct supervision of the teachers.
Statistical analyses
All analyses were conducted with SPSS 12.0. Pearsons' correlations were executed to investigate relations between environmental variables and food intake. Before running analyses all environmental variables with low (P40.10) bivariate correlations with the specific dependent variable were omitted from further analyses. The a-value of 0.10 was preferred rather than the more stringent 0.05, because from a health promotion perspective, all variables that might have some influence on eating behaviours are reasonable to include in the regression analyses. To avoid multicollinearity, if environmental variables correlated highly with other environmental variables (rX0.80), the variable with the lowest correlation with the dependent variable was also omitted from further analyses. To examine the contribution of environmental variables taking into account the effects of demographic and psychosocial predictors, hierarchical regression analyses were conducted with fat intake, fruit intake and soft drink consumption as dependent variables in boys and girls separately. Age, SES, attitude, self-efficacy, social support, perceived benefits and perceived barriers were entered into the first block. Three dummy variables identifying the four different schools were also entered into the first block of variables to take into account possible clustering within schools. Environmental variables (availability of healthy/unhealthy food products, food rules and TV viewing habits) were entered into the second block. Values of Pp0.05 were considered as statistically significant. Values of Pp0.09 were considered as trends.
Results
Fat intake
Because of the low correlation with the dependent variable 'fat intake', the variables social support and availability of healthy products at home were omitted from further analyses in boys. For the same reason, social support, selfefficacy and availability of healthy products at home were omitted from further analyses in girls. Hierarchical regression analyses on self-reported fat intake, presented in Table 3 , revealed that the entire model accounted for 19% of the variance in boys and 14% of the variance in girls. In boys, 10% was predicted by the first block (F ¼ 2.2, Pp0.05) and 10% by the second block (F change ¼ 7.1, Pp0.001). Boys who had better attitudes towards a low-fat diet reported to have less fat in their diet (b ¼ À0.27, Pp0.01). Adding the second block of variables revealed that boys with more unhealthy food products at home were more likely to have more fat in their diet (b ¼ 0.27, Pp0.001). There was a trend for boys who perceived less food rules related to unhealthy food products to eat more fat in their diet (b ¼ 0.14, Pp0.09). In girls, 10% of the variance in fat intake was explained by the first block (F ¼ 4.4, Pp0.001) and 4% by the second block (F change ¼ 4.5, Pp0.01). Girls with better attitudes towards a diet with less fat (b ¼ À0.16, Pp0.01) and who perceived more benefits of eating less fat (b ¼ À0.16, Pp0.01) were more likely to eat less fat. Girls with better television viewing habits (b ¼ 0.15, Pp0.01) were more likely to have a diet with less fat.
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Soft drink consumption
Because of the low correlation with the dependent variable 'soft drink consumption', the variable 'availability of healthy products at home' was omitted from further analyses in boys. For the same reason social support, availability of unhealthy products at home and TV viewing habits were omitted from further analyses in girls. Hierarchical regression analyses on self-reported soft drink consumption, presented in Table 4 , revealed that the entire model accounted for 22% of the variance in boys and 7% of the variance in girls. In boys, 13% was predicted by the first block (F ¼ 3.0, Pp0.01) and 9% by the second block (F change ¼ 6.8, Pp0.001). Within the first block both higher SES (b ¼ À0.18, Pp0.01) and more perceived benefits (b ¼ À0.17, Pp0.01) were negatively related to soft drink consumption in boys. Adding the second block of variables revealed that boys who reported to have more unhealthy food products at home (b ¼ 0.20, Pp0.01) and to have worse television viewing habits (b ¼ 0.14, Pp0.09) were more likely to consume more soft drinks. In girls, 6% of the variance in soft drink consumption was explained by the first block (F ¼ 2.5, Pp0.05) and 1% by the second block (F change ¼ 1.3, n.s.). There were no variables of the first and second block, which significantly explained the variance in soft drink consumption in girls.
Fruit intake
Because of the low correlation with the dependent variable 'fruit intake' the variable social support was omitted from further analyses in boys. For the same reason, social support and perceived benefits were omitted from further analyses in girls.
Hierarchical regression analyses on self-reported fruit intake, presented in Table 5 , revealed that the entire model accounted for 47% of the variance in boys and 41% of the variance in girls. In boys, 42% was predicted by the first block (F ¼ 14.7, Pp0.001) and 5% by the second block (F change ¼ 4.2, Pp0.01). Boys who had better attitudes . Girls who reported better attitudes (b ¼ 0.20, Pp0.001), higher levels of self-efficacy (b ¼ 0.37, Pp0.001) and less barriers (b ¼ À0.13, Pp0.01) were more likely to consume more fruits. Adding the second block of variables revealed that girls who reported to have more healthy food products at home (b ¼ 0.12, Pp0.01) and to have better television viewing habits (b ¼ À0.10, Pp0.05) were more likely to consume more fruit. Girls who perceived less food rules related to unhealthy food products (b ¼ À0.16, Pp0.001) were more likely to eat less fruit.
Discussion
For the present study a questionnaire was developed to measure four potential home environmental factors, namely availability of healthy and unhealthy food products, food rules and television viewing habits. Although more objective measurements may be recommended, questionnaires can be good instruments for measuring the perceived environment in larger samples of adolescents. The questionnaire used in the present study was a valid and reliable tool for measuring the environmental factors availability, food rules and television viewing habits in Flemish adolescents. However, a valid and reliable questionnaire to measure the overall family food environment including more factors such as parental support, parental intake, parental style and amount of family dinners should be developed in the future. The main purpose of the present study was to investigate the variance in fat, soft drink and fruit consumption explained by home environmental factors. In line with findings from another study (Lien et al., 2002) , both psychosocial and environmental variables contributed to the variance in eating behaviours.
Literature revealed that there is a lack of studies investigating environmental correlates of adolescents' fat intake. The environmental correlates included in the present study explained 10% of the variance in fat intake in boys and 4% in girls. In boys, lack of family food rules and higher availability of unhealthy food products at home were both associated with higher fat intake. In a recently conducted study in American adolescents, household eating rules related to healthful foods were inversely related to dietary fat intake in boys, whereas no association was found for food rules related to unhealthy products (Zabinski et al., 2006) . Future research should investigate if interventions that change family food rules and availability of unhealthy food products are effective in decreasing fat intake in Flemish boys. In girls other than in boys, having worse television viewing habits was the only environmental factor associated with higher levels of fat intake. These findings in girls are in line with findings from other studies that revealed that energy intake (Van den Bulck and Van Mierlo, 2004 ) and the percentage of energy from fat (Befort et al., 2006) increased if time spent in commercial television watching increased.
There is a lack of studies investigating influencing factors for soft drink consumption, although such studies are required to effectively target the high soft drink consumption in Flemish adolescents. In boys, 9% of the variance in soft drink consumption was explained by family environmental factors. Increased availability of unhealthy food products and bad television habits were associated with higher soft drink consumption in boys. While watching television, boys are probably more exposed to advertisements promoting unhealthy food items such as soft drinks (Hastings et al., 2003) and are possibly consuming more soft drinks (Van den Bulck and Van Mierlo, 2004) . Further research should investigate the effect of interventions aimed at decreasing the availability of soft drinks at home and improving television viewing habits in boys. In girls, none of the psychosocial or family-related factors was associated with soft drink consumption; the entire model explained only 6% of the variance in soft drink consumption. To target effectively soft drink consumption in girls, further research that explores new models including other possible influencing environmental factors such as school related factors is required. One study in Flemish secondary schools already revealed that pupils were more likely to consume soft drinks every day, if soft drinks are available at school and if there are no school rules regarding soft drink consumption (Vereecken et al., 2005) . The psychosocial environmental model explained most of the variance in fruit intake in both boys (47%) and girls (42%). In most previously conducted studies, explained variances of less than 30% were found (Baranowski et al., 1999; Neumark-Sztainer et al., 2003) . Differences in results can be caused by differences in measures and analysing methods. In the study of Neumark-Sztainer and colleagues (2003), self-efficacy, which was the strongest predictor for fruit intake in both boys and girls in the present study, was not included in the model. Furthermore, in the present study behaviour specific measures of psychosocial determinants were used. It is also possible that attitudes, social support, self-efficacy, barriers and benefits vary across different eating behaviours and that the behaviour specific measurements resulted in the larger amount of variance explained. In line with our finding in adolescents, Wind et al. (2006) also found that a large amount of the variance (34%) in fruit intake was explained by a comprehensive model of demographic, psychosocial and environmental factors in Belgian and Dutch elementary school children.
Having worse television viewing habits was the only environmental factor associated with lower fruit intakes in both boys and girls. Most studies have documented the negative influence of television viewing on the intake of unhealthy eating products (Hastings et al., 2003; Van den Bulck and Van Mierlo, 2004; Befort et al., 2006) , the relationship with fruit intake was not so often investigated. However, data from the Health Behaviour in School Aged Children (HBSC) study also showed that increased television viewing time was associated with lower fruit intakes in adolescents of 19 different countries (Vereecken et al., 2006) . In girls, decreased availability of healthy products and lack of food rules related to unhealthy products were further related to lower levels of fruit intake. It is possible that the importance of availability of healthy products was tied to the relationship between perceived barriers and fruit intake among girls. When fruit is less often available at home, adolescents may perceive more barriers to eat fruit and may consume less fruit. In support of our findings in girls, Neumark-Sztainer et al. (2003) also found that fruit intake was associated with home availability of fruit. The gender differences related to the influence of home availability of fruit are in line with findings from another study in adolescents (Hanson et al., 2005) , where fruit availability at home was a predictor of fruit intake in adolescent girls, but not in boys. In contrast to our findings related to family food rules, two other research groups found no relationship between adolescents' autonomy (Videon and Manning, 2003) or family food rules (Zabinski et al., 2006) and fruit intake.
The results of this study demonstrated the complexity of home environmental influences on eating behaviours, given that different environmental factors were related to different eating behaviours and that correlates were different in boys and girls. From the results it appeared that gender might be an important factor to consider when designing healthy eating interventions. Setting rules according to unhealthy products and improving television viewing habits may be effective for both genders. For changing boys' eating behaviours decreasing availability of unhealthy products may be effective, whereas for girls increasing availability of healthy products seems more important. In the present study, food rules related to healthy food products were not measured. However, results from a recently conducted study (Zabinski et al., 2006) suggest that household eating rules related to healthful foods might also be important to consider for adolescents.
Although both psychosocial and environmental variables contributed to the explained variance in eating behaviours, most of the variance was explained by demographicpsychosocial factors. However, the variance explained by environmental factors could have been underestimated, as any shared variance between demographic-psychosocial and environmental variables was assigned to the first block of demographic and psychosocial variables in the hierarchical regression.
Several limitations of the present study need to be addressed. Conclusions in the present study were based on self-reported measures of environmental factors and eating behaviours and although validated questionnaires were used, this can be seen as a limitation of the study. To understand better the relationship between the family environment and eating behaviours in adolescents, it is essential to develop and use objective environmental measures. Furthermore, given the cross-sectional design of the present study, no causal conclusions can be drawn. Although cross-sectional studies are necessary to understand the relationship between the environment and eating behaviours in adolescents, prospective studies are needed.
The influence of parents on adolescents' eating behaviours is often questioned, given the increased autonomy and independency associated with this age. However, our findings suggest that parents can play an important role in influencing adolescents' eating behaviours. Although the family environment is not limited to the correlates investigated in the present study, the investigated correlates can be useful for generating hypothesis to be tested in future studies. However, the home environment is just one part of the broader environment in which adolescents live. Other important environmental influences for adolescents positioned outside the home such as the influences from peers, schools, neighbourhoods and media need to be explored in future research. Prospective studies are needed to determine causal relationships between the change in environmental factors and the change in eating behaviours in adolescents.
